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Chapter I. 
INTRODUCTION 
Insusceptibility to staphylococcal infection is conditioned by complex 
mechanisms about which little is known. We know that the perennial persis-
tence of staphylococci in man and animals subject them to relatively infre-
quent staphylococcal infections under natural conditions and in the presence· 
of antibody but ~dditional information is needed concerning the physiological 
factors that may influence the staphylococci in the infected host (Dubos, 
1956). There is explicit recognition that the reactivation of a staphylo-
coccal process can be affected by the secretions of the endocrine system 
(Lurie, 1950; Lurie et al., 19~9). This situation becomes apparent during 
infancy, puberty, pregnancy, menopausal and postmenopausal years, early 
postpartum and lactation period, diabetes and other metabolic disturbances. 
In attempts to determine the mechanisms of an altered response of the host 
to staphylococc·i, consideration should be given to the possible role of 
hormones. The diverse regulatory activities of hormones on the metabolism 
of mammalian cells (Kass and Finland, 1963; Tomkin and Maxwell, 1963; Dixon 
et al., 1964; Bonner, 1965) suggest that a hormonal effect on microbial 
pathogenicity may exist and may be of importance as a regulatory mechanism 
of toxin and antigen production by staphylococci. 
The present study was undertaken to determine whether diethylstilbestrol 
had any recognizable action either on the evolution of staphylococcal infec-
tion or on the chemical reaction of growth and metabolism of staphylococci. 
1. 
Chapter II. 
HISTORY 
OH 
H 0 
Experimental studies have indicated that compounds such as 4,4'-
dihydroxy~,p-diethy1sti1bene, commonly referred to as stilbestrol, greatly 
influence the physiological processes of animals and microorganisms. In 
1938, Dodds et a1., during the course of their study of estrogenic compounds 
became impressed with the extreme potency of diethylstilbestrol which has 
found a wide clinical application as an estrogen since then. The estrogenic 
'" 
activity of this compound has been reviewed by the Council for Pharmacy and 
Medicine (1942) and by Solmssen (1945). 
A serie~ of derivatives of diethylstilbestrol had been demonstrated to' 
act as bactericidal agents against staphylococci and streptococci .!!!. vitro 
(Brownlee et a1., 1943). In ~ the compounds tested showed little or no 
activity, possibly on account of their very low solubility. Faulkner (1943) 
2. 
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repon:ed that estrogens we:re bactericidal and in lesser concentration, bac-
teriostatic to gram positive microorganisms. The bactericidal activity was 
reduced in presence of serum. Further, he reported that the most efficient 
bactericides contained one or more hydroxyl groups in the molecule (15). 
The bactericidal activity against Mycobacterium tuberculosis was reported by 
Faulkner in a range of 1:50,000 to 1:500,000 as the minimum lethal concen-
tration (16). 
The consistent bactericidal effect of diethylstilbestrol on micrococci 
suggested its use as a quantitative measure of this material (Hanka and 
Lockhart, 1958). 
Four microorganisms, Streptococcus agalactiae, ~ aureus, Escherichia 
coli and pseudomonas aeruginosa obtained from udders affected with mastitis 
were inhibited by diethylstilbestrol in concentrations ranging between 1.0 
to 5.0 ~g/ml (Frank and Pounden, 1961). Kutzsche (1963) observed the action 
of several steroids on Salmonella typhosa; ~ typhimurium and Diplococcus 
pneumoniae infe"ctions in mice, stating that the protective action of steroid 
did not result from detoxification of bacterial endotoxins but rather from 
diminishing tissue sensitivity to them. 
Investigations on the in vitro antifungal activity of diethylstilbestrol 
are relatively meager. Harder (1946) found that certain species of fungi 
were inhibited by relatively low concentration of diethylstilbestrol. Reiss 
(1947) found that diethylstilbestrol was most effective against microsporum 
species and tricQophyton species. Bocobo et al. (1953) reported that the 
stilbestrol was most active against a number of pathogenic fungi. A single 
3. 
dose of 40 to'SO rat units of stilbestrol was found by Foley and Aycock 
(1944) to render mice highly resistant to a dose of virulent hemolytic 
streptococci and the authors suggested that the protection was due to a 
stilbestrol-induced factor which interfered with the spread of the organisms. 
It was concluded by Von Haam and Rosenfeld (1942) that the female sex hormone 
increased the resistance of mice to experimental pneumococcal infection. A 
single injection of 0.1 mg of hormone 7 days before the experimental infection 
protected both male and female mice; but diethylstilbestrol failed to modify 
the course of pneumococcal infection. 
Stimulation of the reticuloendothelial system for increased body defense 
by diethylstilbestrol and estrogen have been studied by Nicol et al .. (1964) 
and came in conclusion that the diethylstilbestrol stimulated the phagocytic 
activity, increased immunoglobulin level an~ caused a significant rise in 
survival time of animals infected with various microorganisms. It has been 
reported by Varricchio et ale (1967) that diethylstilbestrol inhibits the 
growth of Bacillus subtilis and Sarcina lutea probably by binding to the 
cytoplasmic membrane and causing the lysis of cell. 
The mechanisms by which various hormones regulate cellular metabolism 
remain obscure. Hoechester and Quastel (1949) were among the first to de-
lineate a mechanism of hormonal control when they demonstrated thatdiethyl-
stilbestrol could act as a hydrogen carrier in an experimental system 
containing manganese dioxide as the terminal acceptor. Further studies by 
the same investigators (26) indicated that the glycerophosphate dehydrogenase 
4. 
of yeast was very sensitiv'e to ketosteroids and that the sensitivity of 
enzymes from different sources varied greatly. 
It was shown by Shactor (1953a) that diethylstilbestrol first stimulated 
the endogenous respiration of yeast and then inhibited the respiration as the 
concentration of stilbestrol was increased. Further, he (1953b) suggested 
that diethylstilbestrol influenced the enzyme systems in the cell membrane 
responsible for the "active transport" of glucose into the yeast cell. 
Sa1mony (1956) also observed that stilbestrol increased the yeast cell 
respiration and concluded that the stimulation was related to the chemical 
configuration of the test compound. Results also indicated that stilbestrol 
inhibited yeast respiration when acetate or ethanol was present but not when 
glutamate was present. 
San Clemente and Mackenzie (1957) repo~ted that stilbestrol inhibited a 
number of different organisms. Isocitrit dehydrogenase, Hagerman and Villee, 
1957; and glutamate dehydrogenase were inhibited by stilbestrol, Emmelot and 
Bos, 1958. Ta1a1ay et al. (1958) have reported that some steroids will 
mediate the enzymatic transfer of hydrogen between pyridine nucleotides and 
in certain biological systems. 
Yielding and Tomkins (1959) reported that a number of steroid hormones 
inhibited the reduced diphosphopyridine nucleotide oxidase from either 
microbial or mammalian sources. Durham and Perry (1959) reported that di-
ethylstilbestrol inhibited the oxidation of certain substrates by whole cell 
.suspensions of Aerobacter aerogenes. The inhibition could not be reversed 
c: 
.J • 
with yeast extract, casamino acids, cytochrome C, diphosphopyridine nucleo-
tide and other compounds (13). A tentative hypothesis given by Durham and 
Leach (1961) stated that diethylstilbestrol acted directly with certain 
enzymes under specified experimental conditions, thereby regulating the rate 
of enzymic reaction. 
A high degree of structural specificity was exhibited by the enzyme for 
the inhibitors since only four of 32 compounds structurally analogous to 
diethylstilbestrol inhibited the enzyme and the inhibition was reversible, 
competitive with respect to D-g1ucose-6-phosphate, and non-competitive with 
respect to nicotinamide adenine dinucleotide phosphate (10). 
6. 
Chapter II:":. 
MATERIAL AND METHODS 
A. Procedures for Measuring In Vitro Effects 
1. Cultures. 
The following microorganisms were used: Staphylococcus aureus, 
serotypes I to XIII (ATCC 12598 to 12610), Bacillus cereus, Bacillus subtilis, 
Gaffkya tetragena, Listeria monocyto,genes, Micrococcus conglomeratus, 
Saccharomyces perevisiae, Sarcina lutea, Staphylococcus epidermidis, Strep-
tococcus faecalis, Escherichia coli, Alcaligenes faecalis, Salmonella 
paratyphi, Klebsiella pneumoniae, Shigella flexnerii, Proteus vulgaris, and 
Aerobacter aerogenes. All S. aureus strains were tested periodically for 
their ability to utilize glucose and mannitol under anaerobic conditions 
according to the method of Hugh and Leifson (1953) with phenol red (0.001%) 
as an indicator, gelatin liquefaction, pigmentation and both free and bound 
. coagulase by use of accepted microbiological methods (Frankel et al., 1963). 
All the other cultures were obtained from stock culture collections maintained 
at Stritch School of Medicine and were originally obtained from American Type 
Culture Collection. Cultures were kept in stock at 4 C on tryptic soy agar 
(Difco) slants in screw-capped tubes. Transfer to a new slant was made 
every 4 weeks. 
2. Diethylstilbestrol Solution. 
Powdered diethylstilbestrol was obtained commercially from Calbiochem, 
Los Angeles, California. Desired concentrations in solution were obtained 
: ~ 7 • 
1 
by dissolving a weighed amount of diethylstilbestrol in a certain amount of 
95% alcohol. The amount dissolved was such that a 1:50 dilution of the 
ethanol produced the desired concentration of diethylstilbestrol. For the 
growth studies, the dilution was made directly in the growth medium. For 
injection purposes and for bactericidal activity, the dilution was made in 
sterile saline or 0.2 M sodium phosphate buffer, pH 7.0. All control solu-
tions contained 2% ethanol. 
3. Testing for Growth Inhibition 
The concentration of hormone necessary for complete inhibition of 
growth of gram-positive microorganisms was determined by inoculating standard-
ized suspension of organisms in 3% tryptic soy broth (Difco) to which. various 
concentration of diethylstilbestrol had been added. Tryptic soy broth, 49 ml, 
was placed in 300 ml of nephelometric flask~, 20 ~g of hormone per ml was 
obtained by dissolving 10 mg of diethylstilbestrol in 10 ml of 95% ethyl 
alcohol. This was the master solution and various concentrations of diethyl-
. stilbestrol were prepared from this solution. One ml of this solution was 
added to the 49 ml of growth medium which gave the desired hormone concen-
tration. The medium was sterilized by autoclaving. An inoculum of micro-
organism containing 3.2 x 106 colony forming units was added in the flasks 
and were incubated on a rotary shaker at 37 c. 
Growth was followed turbidimetrically in a Klett-Summerson photo-
electric colorimeter using filter No. 42. After completion of an experiment 
homogeneity of the. culture was tested by gram stains, coagulase production 
and mannitol tests. 
8. 
4. Screening of Antibacterial Activity. 
For the study of bactericidal effect of diethylstilbestrol, 5 dif-
, ., 
ferent experiments were performed with ~ aureus serotypes III and IV under 
different environmental conditions. Various concentrations of hormone-saline 
solutions were prepared by dissolving hormone in 2% ethanol while control 
flasks were prepared by adding 2% ethanol in saline. All flasks were steri-
lized by autoclaving. S. aureus was grown in tryptic soy broth for 16 to 20 
hrs, harvested by' centrifugation and a smooth suspension was prepared in 
sterile saline. The flasks were adjusted to a turbidity equal to 10 Klett 
units (containing approximately 3 x 106 colony forming units per ml) by 
adding the cell-saline suspension. The flasks were then incubated at appro-
priate conditions and aliquots were removed at specific time intervals. 
Serial 10-fold dilutions of the samples were made in sterile saline, and 
appropriate dilutions were plated on tryptic soy agar plates, incubated at 
37 C and viable counts were determined at 24 to 48 hrs thereafter. 
5. Determination of Binding of Diethylstilbestrol to Bacterial Cells. 
Binding of diethylstilbestrol by ~ aureus was measured by mixing 
a 'culture with hormone, removing the cells by centrifugation and determining 
the diethylstilbestrol remaining in the medium by its effect on the growth of 
a new culture. Media containing 0, 10, and.20 ~g of hormone per ml were 
inoculated with sufficient cells to give a concentration of 5 x 107 colony 
forming units per mI. After 15 min, the cells were centrifuged from the 
medium, and the m~dium was again i~oculated with about 5 x 107 colony forming 
9. 
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units per mI. The growth of the culture was then followed by optical density 
measurement as described above. The amount of diethylstilbestrol remaining 
in the medium was estimated by comparing the growth of these cultures con-
taining an equal concentration of bacteria plus a known amount of active 
compound. 
To determine diethylstilbestrol binding spectrophotometrical1y, the 
maximum absorbance of diethylstilbestrol was determined in the saline and 
phosphate buffer, pH 7.0, 20 ~g of hormone was added to bacterial suspension 
in saline containing 5 x 107 colony forming units per mI. Samples were re-
moved at a specific interval of time, centrifuged and the supernatant solu-
tion was tested for presence of diethylstilbestrol spectrophotometrically. 
6. Mechanisms of Action of Diethylstilbestrol on S. aureus. 
= 
a. Effect of hormone on substrate metabolism. 
The cell suspensions used in respirometric studies were grown in 
100 ml of tryptic soy broth at 37 C for 16 to 20 hrs, harvested, washed once 
.with 0.1 M sodium phosphate buffer, pH 7.0, and resuspended in the same 
buffer. 
Manometric studies (Umbreit et al., 1964) were carried out in the 
Warburg apparatus at 37 C with air as the gas phase. The total volume in the 
flask was 2.2 mI. 0.2 m1 of 20% KOH was placed in the center well with a 
folded filter paper strip, I ml of cell suspension containing approximately 
0.4 to 0.8 ~g dry weights of cell per ml.with appropriate hormone concen-
tration dissolved in 2% methanol were pipetted into the reaction compartment 
10. 
of the flask; 0.5 ml of buffer was pipetted in the compartment; and 0.5 ml 
of the substrate dissolved in 0.2 M buffer, pH 7.0, was added to one side 
arm. Control vessels contained the same concentration of cell suspension 
with 2% methanol. Rates of oxygen uptake in air were determined for 90 min 
by conventional manometric techniques at 37 C. 
b. Effect of diethylstilbestrol on dehydrogenase activity. 
Using the Thunberg technique as described by Umbreit et a1. 
(1964), dehydrogenase activity was measured with glucose and succinic acid 
as substrates. A tube whose color intensity represented 90% reduction was 
prepared and used as a standard. The contents of the tubes were as follows: 
1 ml of 1:10,000 (0.000267 M) methylene" blue, 2 m1 of 0.02 M substrat~ in 
phosphate buffer, 2 ml of MilS sodium phosphate buffer, pH 7.0, and 1 ml of 
cell suspension containing appropriate horm~ne concentration dissolved in 
2% methanol in side arm cap. Control tubes contained the same concentration 
of cell suspension with 2% methanol. 
c. Effect of diethylstilbestrol on cytoplasmic membrane. 
The leakage of protein and 260 ~ absorbing materials from 
S. aureus treated with diethylstilbestrol was determined in physiological 
saline or in 0.2 M sodium phosphate buffer, pH 7.0. After the addition ot 
the diethylstilbestrol to the suspension of S.aureus containing 0.35 to 
0.40 ~g dry weight of cell per ml, samples were taken at various times, 
centrifuged and the supernatant fluid analyzed for protein spectrophoto-
metrically or by Folin-Ciocaltem re"agent (Colowick et a1., 1963). 
11. 
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. d. Effect of diethylstilbestrol on labeled S. aureus. 
Cultures were grown in 3.7% brain heart infusion broth (Difco) 
for 4 hrs, harvested by centrifugation and placed in 0.2% vitamin free 
casitone (Difc~) hydrolysate plus (uniformly) 14C labeled glucose with cold 
glucose at a concentration of 2% for one hour. The labeled cells were col-
lected by centrifugation, washed twice with sterile phosphate buffer, pH 7.0, 
. . 
and resuspended in fresh phosphate buffer containing various concentrations 
of diethylstilbestrol. The su.spension contained about 0.3 to 0.4 ~g of dry 
weight of cells per mI. The flasks were incubated on a rotary shaker at 
37 C. At various tnne intervals thereafter, samples were collected by cen-
trifugation and the supernatant fluids were studied for radioactive material 
by Tri-Carb liquid scintillation spectrometer using ethanol-amine and 
ethylene glycol. 
e. Effect of diethylstilbestrol on 'uptake of glucose. 
The. effect of diethylstilbestrol on the uptake of glucose was 
. determined by suspending ~ aureus serotype III cells in phosphate buffer, 
pH 7.0,containing uniformly 14C labeled glucose. The solution contained 
about 0.3 to 0.4 ~g of dry weight of cells per ml. At appr'opriate intervals 
samples were removed, centrifuged and the residual radioactivity in the 
supernatant fluids were determined. Radioactivity was determined in a Tri-
Carb liquid scintillation spectrometer. Counts were made under conditions 
of negligible self absorption. The radioactivity is expressed as counts 
per min (c.p.m.) per ml. 
12. 
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B. Preparation of Animals and Explanation of Assay Procedures. 
All rabbits were obtained from Scientific Small Animal Farm, Chicago, 
Ill. They were maintained on a diet of Dixie Rabbit Pellets. Cohtrol and 
experimental rabbits were kept under identical conditions. 
1. Effect of Diethylstilbestrol on Lesion and Erythema Production. 
Six month old, white New Zealand female rabbits weighing 2.5 kg to 
3.5 kg were used in this study. Each experiment i~volved groups of four 
control and four experimentalanimal~ of matched weight and was repeated 
3 times. 
The animals were shaved on the left and right side. Subcutaneous 
injections of 25 \lg of diethylstilbestrol dissolved in phosphate buffer con-
taining 2% ethanol were administered in experimental rabbits, in 1 ml amounts. 
Control animals received 1 ml of saline containing 2% ethanol at the same 
time and by the same route. 
§..:.. aureus type XIII was grown aerobically at 37 C on brain heart 
infusion agar (Difco) slant for 18 hr, the cells were collected, suspended 
in 10 ml sterile saline, transferred to sterile glass bottle containing 
glass beads, shaken for 2 min to obtain a homogenous suspension and adjusted 
with sterile saline to appropriate concentration. 0.5 ml injections were 
made intradermally into the shaven backs of rabbits, 1 hr after the hormone 
or saline-ethanol solution, using 1 ml syringe and 26 gauge needles. Mul-
tiple injections of both concentrations were given to the rabbits. The 
injected animals were observed for two weeks. An injection was scored as 
a lesion if a primary pustule or a central necrotic area appeared at the 
site of injection. 
L 13. 
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In measurements of erythema, 24 hr after intradermal injection site 
was outlined on tra~sparent paper and the size of the erythema was deter-
mined planimetrically. 
2. Antibacterial Activity in Rabbits. 
To test the antibacterial activity of diethylstilbestrol in rabbits, 
various concentrations of hormone were administered subcutaneously in 1 ml 
amounts. Control rabbits received I ml 2% alcohol in saline solution by 
the same route and at the same time. Blood samples were drawn by cardiac 
puncture, 5 min after the dose of diethylstilbestrol had been administered 
and kept at room temperature for 1 hr to coagulate. Serum was separated 
by centrifugation. The serum was inoculated with an 18 hr old culture of 
~ aureus containing approximately 3.2 x 106 colony forming units in 0.2 ml 
amount, incubated aerobically at 37 C and a~sayed for growth. As soon as 
enough growth was noted in the control tubes (7 to 9 hr), the tubes were 
removed and centrifuged, the supernatant fluids were discarded and the cells 
were washed once with saline, centrifuged and the cells resuspended in 5 ml 
saline. Then 0.1 ml samples were removed, serial ten-fold dilutions were 
made in sterile distilled water and the number of colony forming units was 
determined in tryptic soy agar pour plates. The optical density of the 
remaining portion of the homogenous cell suspension was determined in a 
Klett-Summerson photoelectric colorimeter equipped with a No. 42 filter. 
3. Diethylstilbestrol and Virulence of Staphylococci. 
To study the effect of diethylstilbestrol on virulence of ~ aureus, 
the culture was grown on brain heart infusion agar slant containing 
. 14. 
subinhibitory concentration of hormone dissolved in 2% alcohol in saline. 
Control cultures were grown on the same medium containing 2% alcohol in 
saline. The ceils were collected after 24 hr incubation at 37 C, standard-
ized to the appropriate concentration with saline and injected intradermally 
in the shaved rabbit on the left side. The culture grown in brain heart 
infusion agar slants containing the hormone vehicle alone were injected in 
the same rabbit by the same route at the same time and on the right side. 
~ 
The skin lesions were measured after 24 to 48 hr. An attempt was also made 
to determine whether prior exposure of resting cell suspensions of ~ aureus 
to diethylstilbestrol would alter their ability to induce skin lesions in 
rabbits. 
Eighteen to twenty-four hr old BHI agar slant cultures were employed. 
Cells were collected in 0.2M sodium phosphate buffer, pH 7.0, and standard-
ized to varying cell concentrations. The cells w~re treated with 20 ~g of 
diethylstilbestrol per ml at 37 C on a shaker for I hr'. These cell prepara-
tions were injected into the right side of rabbits. Appropriate controls 
were run together and injected on left hand side of the same rabbits by the 
same route and at the same time. The skin lesions were measured after 24 
to 48 hr. 
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-Chapter IV. 
RESULTS OF IN VITRO STUDIES 
1. Activity of Diethylstilbestrol. 
The minimum concentration of diethylstilbestrol necessary to prevent the 
growth of thirteen strains of ~ aureusare given in Table 1. The minimum 
inhibitory concentration (MIC) ranged between 6.1 and 7.3 ~g/ml. A concen-
tration of 6.76 ~g/ml inhibited the ~rowth 60% of the strains studied. 
The ability of hormone to inhibit the growth of thirteen strains of 
S. aureus under anaerobic conditions was tested at 37 C, in a Precision 
Thelco Anaerobic incubator. After 24 hr of incubation in the presence of 
o to 10 ~g of diethylstilbestrol per ml, S. aureus was severely inhibited 
and the MIC was less than half than that required under aerobic condition 
(Table 1). 
2. Effect of Diethylstilbestrol on S. aureus. 
Thirteen serotypes of staphylococci were prepared for growth studies as 
previously described. Three separate experiments were performed with each 
strain with 1 ~g of hormone per ml and mean values obtained are shown in 
Table 2. It can be seen that diethylstilbestrol at a concentration of 
1 ~g/ml retarded the growth of cells and the rate of transfer of cells from 
the lag phase into the exponential phase, thereby causing a lengthened lag 
phase and a resultant decrease in growth during exponential phase as compared 
with the controls. 
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TABLE 1 
(a) 
. EFFECT OF DIETHYLSTILBESTROL (DS) ON STAPHYLOCOCCUS AUREUS 
MIN I NUl'1 INHIBITORY CONCENTRATION 
STAPHYLOCOCCUS pICG/ML 
AUREUS SEROTYPES ~EROBICALLY ANAEROBICALLY 
Serotype I 6.3 1.6 
Serotype II 6.7 1.7 
Serotype III 7.2 2.1 
Serotype IV 7.0 2.5 
Serotype V 7.2 1.9 
Serotype VI 6.8 2.6 
Serotype VII 6.0 2.1 
Serotype VIII 7.3 1.8 
Serotype IX 6.9 2.7 
Serotype X 6.1 2.4 
Serotype XI 6.8 1.8 
Serotype. XII 7.1 2.3 
~erotype XIII 6.6 2.8 
AVERAGE 6·Z6 2.12 
(a) The system contained. 49 ml of Tryptic soy broth in a 300 ml 
nephelometric flask, diethylstilbestrol (DS) at a final 
; 
concentration of 0 to 10 ng per ml of broth dissolved in 
6 
1 ml of 95% ethanol and 7.0 x 10 viable staphylovein. 
Flasks l<Tere incubated for 29 hrs. on a rotary shaker in an 
incubator room at 37°C. Three separate experiments were 
performed with each strain and the mean values obtained 
were recorded. 17. 
TABLE 2 
EFFECT OF 1 HCG/ML OF DS ON 
(8.) 
GROWTH OF VJ\RIOUS STRAINS OF STAPHYLOCOCCI 
(b) 
STAPHYLOCOCCUS CELL YIEID AT VARIOUS TII1ES {HR.) 
AUREUS CONTROL DIETHYISTILBESTROL( 1. ftlCGLl\1L) 
STRAIN 0 4 2 6 Z 8 0 4 5 6 2 8 
Serotype I 0 0 65 112 144 196 0 0 21 83 123 191 
Serotype II 0 0 32 70 164 230 0 0 14 34 105 209 
Serotype III 0 11 41 70 126 186 0 0 0 29 83 167 
Serotype IV 0 2 31 60 135 191~ 0 0 0 21 79 164 
Serotype V 0 0 13 1~2 118 214 0 0 0 9 81 198 
Serotype VI 0 0 16 52 112 203 0 0 0 31 '84 191 
Serotype VII 0 3 28 76 198 251 0 0 2 41 139 242 
Serotype VIII 0 23 71 151 282 395 0 0 10 92 215 362 
Serotype IX 0 2 31 81 192 271 0 0 1 42 155 262 
Serotype X 0 0 3 28 75 168 0 0 0 15 62 153 
Serotype XI 0 0 12 65 162 241 0 0 1 35 113 233 
Serotype XII 0 2 35 92 174 252 0 0 2 45 112 231 
?~rotype XIII 0 4 48 139 230 344 0 0 9 98 205 ;32 
. 
(a) For experimental condItion see legend (a) Table 1~ 
(b) Expressed in meg (dry \'It'~) per mllTiliter. 
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3. Quantitative Aspect of the Antibacterial Activity of Diethylstilbestrol. 
The amount of diethylstilbestrol necessary to effect the growth of 
staphylococci was determined. Standardized suspensions of S. aureus sero-
types I to IV were inoculated into the flasks containing 0 to 10 ~g of hor-
mone per ml of medium, and the growth was assayed after 24 hr by pour plate 
meth~d. The percentage of inhibition was calculated at different concen-
trations of diethylstilbestrol. Increasing the amount of hormone in the 
medium resulted in a progressive acceleration of the percentage of inhibition 
of Staphylococcus aureus. Mean results of all five experiments are shown 
in Fig. 1. Diethylstilbestrol at a concentration of 6 ~g/ml produced a 
90 to 97% inhibition in resting cell suspensions of the four staphylococcal 
serotypes, while 4 ~g/ml of hormone produced a 37 to 48% inhibition and 
lower concentration does not give any significant inhibition. 
4. Effect of Estradiol on Staphylococcus aureus. 
With the knowledge that diethylstilbestrol had a bactericidal action 
on staphylococci and the relationship in hormonal action to diethylstilbestrol 
an attempt was made to assay aerobically the action of alpha and beta estra-
diol on staphylococci by the procedure previously described. Estradiol both 
at a concentration of 1 to 20 ~g/m1 failed to exert any bactericidal or 
bacteriostatic action. However, to study the combined antimicrobial effect 
of diethylstilbestrol with estradiol, various concentrations of beta-
estradiol were added to the culture medium. The most common effect seen 
was that of indifference (Table 3). Similar results were obtained with 
alpha-estradiol and diethylstilbestrol. 
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-TABLE 3 
CONBINED EFFECT OF ESTRADIOL AND DS 
(a) 
ON STAPHALOCOCCUS AUREUS 
HORHONE CONCENTRATION 
f.iCGjr·1L 
None 
DS ~5 
DS -;5 plus Estradiol 
DS, .5 plus Estradiol 
DS .5 plus Estradiol 
DS .10 
DS ~10 plus Estradiol 
DS ~10 plus Estradiol 
DS .10 plus Estradiol 
Estradiol .1 
Estradiol~10 
Estradiol ;20 
. 
.1 
.10 
~20 
.1 
.10 
.20 
CELL YIELD 
247.5 
152.8 
148~5 
151.5 
156.0 
000.0 
000.0 
000.0 
000.0 
243.0 
248.0 
251.5 
(a) For experimental condition, see legend (a) Table 1. 
Estradiol was added in flasks as ind.icated above; 
(b) Expressed in micro-grams (dry wt.) ~er mI •. 
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5. Action of Diethylstilbestrol on Other Microorganisms. 
To determine the specificity of 'the bactericidal action of diethylstil-
bestrol, the effect of hormone on the growth of various microbial species 
was determined. Cell suspension~ were adjusted with sterile saline or phos-
phate buffer, pH 7.0, to 10 Klett units of Bacillus cereus, ~ subtilis, 
Gaff,kya tetragena, Lis teria monocytogenes, Micrococcus conglomeratus, 
Saccharomyces cerevisiae, Sarcinp lutea, ~ epidermidis, Streptococcus 
faecal is) Aerobacter aerogenes) Alcaligenes faecalis, Escherichia coli, 
Klebsiella pneumoniae, Proteus vulgaris, Salmonella typhimurium, and Shigella 
flexnerii were prepared and 0.2 ml of the suspension containing approximately 
3.2 x 106 colony forming units was inoculated into nephelometric flasks 
containing 50 ml of tryptic soy broth and 0 to 20 ~g of hormone per mI. 
Turbidity was determined as previously described. 
As seen in Tables 4 and 5, a survey of the effect of diethylstilbestrol 
on the growth of various microorganisms, indicated that hormone exerted an 
inhibitory·effect on the growth of all the gram-positive microorganisms 
tested. The MIC ranged from 1.0 to 6.8 ~g/ml under aerobic conditions and 
1.0 to 2.4 ~g/ml under anaerobic conditions. Further, it is seen that the 
effect is more or less similar to S. aureus. On the contrary, diethylstil-
bestrol did not influence any of the gram-negative microorganis~s tested. 
6. Effect of Diethylstilbestrol at Low Concentrations. 
There has been a general feeling among physiologists that estrogens 
including diethylstilbestrol, depress the growth of laboratory animals. 
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TABLE 4 (a) 
ACTION OF DS ON GBAIvI POSITIVE NICROORGANISI1S 
NICROOHGANISI1 
Bacillus cereus 
Bac1llus.subtilis 
Gaffkva tetragena 
Listeria monolytogenes 
Micrococcus conglomeratus 
Saccharomyces cerevisiae 
Sarcina lutea 
Staphylococcus epidermidi~ 
Streptococcus faecalis 
JlUC IN f1CGLNL 
AEROBICALLY ANAEROBICALLY 
6.8 
4.9 
4.3 1.1 
5.6 
1.0 
6.6 
1.0 
1.8 
t.O 
2.1 
1.0 
2.4 
(a) For experimental cond.ition see legend (a) Table 1. 
Various microorganisms were employed as an inoculum. 
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TABIE 5. (a) 
ACTION OF DS ON GRA!'1 NEGATIVE HICROORGANISI'lS 
NICROORGANISNS 
Aerobacter aerogenes 
Alcaligenes fa.ecalis 
Escherichia coli 
Klebsiella pneumania 
Proteus.vulgaris 
Salmonella paratyphi 
Shigella flexnerii 
. (b) 
CELL YIELD WITH VARYING HORHON"E 
CONCENTRATIONS (I1CGLNL) AT 8 1ffi. 
o 1 . 5 10 20 
159 163 172 160 168 164 
300 293 311 285 302 314 
273 270 269 274 273 278 
108 112 111 109 111 108 
149 162 156 145 150 154 
234 241 239 233 2~1 231 
198 192 191 189 194 193 
(a) For experimental condition see legend (a) Table 1. 
(b) Expressed in mcg(dry wt.) per milliliter. 
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However, Frank et al. (1961) reported that low concentrations of diethyl-
stilbestrol increased the growth of certain gram-positive microorganisms. 
This tempted us to study whether very low concentrations of diethylstilbestrol 
with range 10-1 to 10-5 ~g/ml, stimulated the growth rate and cell yield of 
s. aureus. The procedure was similar to the experiments described pre-
-1 -2 -3 . -4 1 -5 viously. The concentrations used were 10 ,10 ,10 ,10 ,and 0 ~g 
of hormone per ml in tryptic soy broth. There were no effects of these low 
concentrations of diethylstilbestrol on s. aureus. 
7. Addition of Diethylstilbestrol in Culture Growing With and Without Hormone 
An attempt was made to study the effect of diethylstilbestrol on S. 
aureus previously grown with subinhibitory concentration of hormone. The 
experimental procedure was identical to the previous experiments. The 
flasks were prepared with tryptic soy broth' containing various concentrations 
of hormone and inoculated with 3.0 x 106 colony forming units. The flasks 
were incubated at 37 C on a rotary shaker. The growth was assayed turbi-
dimetrically. After 6 hr of incubation, various concentrations of hormone 
were added in appropriate flasks (as shown in Fig. 2) and incubation con-
tinued. Again the growth was assayed turbidimetrically. Figure 2 shows the 
results of these experiments .. Growth was immediately inhibited when diethyl-
stilbestrol was added after 6 hr of growth (flask 2). Lengthening of lag 
period was obtained when hormone was added at 0 hr and at 6 hr (flask 5). 
The cells overcame the effect of hormone and started growing at a faster 
rate than that of control. Addition of diethylstilbestrol in that flask 
25. 
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Figure 3. 
ADDITION OF DIETHYLSTILBESTROL TO GROWING CULTURE 
OF STAPHYLOCOCCUS AUREUS 
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• 
Control ................................................. (1) 
0 Ilgl.m1 at start plus 10 Ilg/ml at 6 hr .........•.......• (2) 
1 Ilg/ml at start plus 00 Ilg/ml at 6 hr ........ , .. '.' ..•. , (3) 
1 Ilg/m1 at start plus 09 Ilg/m1 at 6 hr, , •. '.'.0 .""., ••• ,(4) 
1 Ilg/ml at start plus 04 Ilg/ml at 6 hr , • , , • , , • , ... , . , .•• (5) 
5 Ilg/ml at start plus 00 Ilg/ml at 6 hr , .•.. , , .•. , . , 0 • , 0 0 (6 ) 
10 Ilg/ml at start plus 00 Ilg/ml at 6 hr, • , ........••...•• (7) 
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produced a second lag period and after a certain time the cells. started 
growing •. Further addition of hormoriegave a multiple growth curve of 
staphylococci. 
8. Effect of Serum on Antibacterial Activity of Diethylstilbestrol. 
Faulkner (1943) reported that the bactericidal activity of diethylstil-
bestrol was reduced in the presence of serum protein. This report suggested 
further work with various concentrations of serum and diethylstilbestrol. 
Into the sterilized tryptic soy broth containing various concentrations of 
diethylstilbestrol, female rabbit serum was added in various amounts. The 
flasks were incubated at 37 C for 24 hr under static conditions. The results 
are given in Table 6. As the concentration of serum increases in broth, the 
inhibitory effe::t of hormone decreases. This indicates that certain factors 
from the serum may antagonize the activity ~f diethylstilbestrol or certain 
substances might bound the hormone and reduce the inhibitory activity • 
. 9. Selection Studies. 
To determine whether cell selection was responsible for the reversal of 
bactericidal or bacteriostatic' action of low concentrations of diethylstil-
bestrol after 4 to 8 hr of incubation, cells were grown to the end of the 
exponential phase in the presence of 5 ~g of hormone per mI. At this time 
inhibition has been overcome as revealed in previous growth studies. Sam-
pIes were withdrawn from this culture aseptically, harvested by centrifuga-
tion, washed once with saline and resuspended in saline. A standardized 
.. cell suspension of 10 Klett units was prepared and inoculated into a second 
• 
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fABLE 6. (8.) 
REDUCTION OF BACTERICIDAL EFFECT OF DS BY SERUN (b) 
SERUIrI CELL YIELD AT 24 HR. \-IITH V.tffiYING 
CONCENTRATION HORNONE CO~1CENTRATI ON (MCGLHL) OF 
0 1 
.5 10 15 20 
0.0% 284 292 287 0 0 0 
0.5% 275 287 281 203 0 0 
1.0% 259 263 , 284 258 199 0 
2.0% 246 243 274 309 262 192 
5.0% 235 237 243 274 284 305 
10.0;£ 227 224 230 243 237 286 
(a) For experimental condition t see legend (a) Table 1. 
Various serv.ln concentration are added. 
(b) Expressed in micro-grams (dry wt.) per ml~ 
'. 
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set of flasks containing similar concentrations of hormone. Inhibition 
again appeared as seen previously~This experiment indicates that selection 
could not have been responsible for the loss of antibacterial action of 
diethylstilbestrol after 8 hr of growth. 
10. Studies with Hormone Sensitive and Resistant Microorganisms. 
In order to study the selective non-inhibitory effect on gram-negative 
microorganisms, ~ aureus and Salmonella typhosa were grown in tryptic soy 
broth containing 4 ~g of hormone per mI. ~ aureus was partially inhibited 
but the growth inhibition was overcome in 8 hr and ~ typhosa was not in-
hibited. The media were sterilized by filtration using a Seitz filter. The 
sterilized media were then reinoculated with standardized cell suspensions 
of S. aureus. As can be seen in Table 7, in both sets of media antibacterial 
action was similar to those observed in the previous studies. This indicates 
that either transformation of diethylstilbestrol by gram-negative micro-
organisms could not account for their resistance to the antibacterial action 
of hormone or that gram-negative microorganisms transform hormone to a 
product active only against gram-positive microorganisms and not gram-negative 
microorganisms. 
11. Binding of Diethylstilbestrol to S. aureus. 
The relationship between cell number and the amount of diethylstilbestrol 
required for growth inhibition suggested that the hormone might be bound to 
the bacterial cells. Binding of diethylstilbestrol by §..:.. aureus was first 
measured biologically as described in Material and Methods. After mixing a 
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, TABLE 7 
STUDIES WITH HORNONE SENSITIVE 
AND RESISTANT HICROORGANISNS 
. (a ) E (f.) Diethylstilbestrol CELL YIELD AT VARIOUS TINES ~Br. ~ 
...-I 
~ Concentration Eight (8 ) 
f.t 
0 (Ncg!ml) 0 Hrs. of f.t () 
...-I Incubation 0 4 6 8 G! . . 
1 196 rd 0 1 60 191.J. (I) H .p 
H as 65 H 2 185 ri 0 0 188 ~rd ro e.>j:l 
::> 0 3 192 oaS 0 2 62 185 ~ j:l (b) orfH M 191 G.>H 
"n P 1 62 182 <X! 
-
P1H, 
-to 
145 rd(f.) 145 P 1 j:l~ 0 0 35 () aSG.> () j:l~ 0 2 148 0 0 34 149 H o<r! 
t3 ...-I • 4 3 144 oP .-0 0 0 39 147 P-t as to I (I) <I! f.t oP 8 
146 .p<HtIS 3~. 147 to l-1 riOP 0 0 . ... .... it"l' .;:S 
P=-t(l)e.> 
63 1 230 ~~~ 0 0 192 
PoP 
2 234 ri 0 0 65 186 -op 
~ G.>e.> 
245 N 64 to 0 3 ...-1-0 0 2 189 0 riC!.> ~ 
...-IN P-t M 2:26 f.t...-l 0 1 64 189 ~ . Q)rd 8 
.pf.t . 
j 1 234 (f.)C\S 0 0 38 147 rd C!.>j:l H ;,.. f.t CIS ~ 2 241 asoP 0 0 35 153 CIS 0 ~.t:: ~ 4 3 239 0 0 37 154 rd.p 
c:t: C1>or-f to M 238 :E::;: 0 0 37 151 . 
(a) Expressed in micrograms (dry we ight ) per ml. 
(b) I·lea.n of three experiments~ 
f jl.'. 
L'.';''';:':' 
culture with diethylstilbestrol, the active compound remaining in the medium 
at different time intervals was measu~ed by its effect on the growth of 
I 
staphylococci upon reinoculation in broth. The growth of new inoculum was 
completely inhibited in the medium which had contained 10 or 20 ~g of hormone 
per mI. The experiment showed that the diethylstilbestrol may not be bound 
to S. aureus or it might be bound with loose bonds which may rupture upon 
centrifugation. Or a very low concentration may be bound to S. aureus. 
Identical results on the binding of diethylstilbestrol were obtained 
when non-growing cells were mixed hormone in saline rather than broth, and 
when the cells and hormone were mixed, incubated and centrifuged at 4 C. 
Diethylstilbestrol has a maximum ultraviolet absorbance at 244~. As 
. 
the concentration increased, absorbance increased and a linear graph was 
obtained by plotting absorbance at 244 ~ v~rsus the concentration of di-
ethylstilbestrol. The experimental procedure is given in Material and 
Methods. After. mixing a culture with hormone, the active compound remaining 
in the medium at different time intervals was measured by spectrophotome-
trically at 244~. The results are similar. The increase concentrations 
of diethylstilbestrol was not observed. 
12. Features of the Antibacterial Activity of Diethylstilbestrol. 
As described in a previous experiment, diethylstilbestrol showed in-
hibitory effect on S. aureus. A number of investigators have reported that 
diethylstilbestrol exhibited bactericidal activity against gram-positive 
microorganisms. 
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a. Effect of Diethylstilbestrol on Growing Cells. 
Figure 3 shows the effect of diethylstilbestrol on a growing cul-
ture of S. aureus with an initial cell concentration of 3.2 x 106 colony 
forming units per m1. The growth was inhibited by 1 ~g of diethylstilbestrol 
per mI. On increasing the initial bacterial concentration, increased con-
cent~ations of· diethylstilbestrol were required for complete inhibition of 
growth. Furthermore, the results showed that diethylstilbestrol caused rapid 
cell killing of ~ aureus at 5 ~g of diethylstilbestrol per mI. The rate of 
lysis was proportional to the concentration of diethylstilbestrol. 
b. Effect of Diethylstilbestrol on Nongrowing Cells. 
To determine that whether lysis occurred only with growing cells, a 
similar experiment was carried out with nongrowing cells (Fig. 4). Lysis of 
nongrowing cells also occurred and was proportional to diethylstilbestrol 
concentration, but it proceeded at a slower rate than observed with growing 
cells. 10 ~g of hormone per ml causes over 90% decrease in viability within 
15 min. Further, from the result it is seen that immediate effect of diethyl-
stilbestrol is observed. On increasing the cell concentration the inhibitory 
effect of diethylstilbestrol decreased rapidly and with a cell concentration 
of 5 x 108 CFU/ml or more, 'the cells were not affected by diethylstilbestrol 
even when a concentration of 20 ~g/ml diethylstilbestrol was employed. 
c. Effect of Environmental Condition on the Bactericidal Effect of 
Diethylstilbestrol. 
The effect of temperature and oxygen on the antibacterial activity 
of diethylstilbestrol against ~ aureus is shown in Fig. 5. The appropriate 
I . 32. 
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controls were set up and the mean values are given. Employing a concentration 
of 5 ~g of diethylstilbestrol per ml it was observed that diethylstilbestrol 
did not inhibit S. aureus at 4 C and as the temperature increased the bac-
tericidal effect also increased. The maximum activity was obtained at 37 C 
and under anaerobic conditions. 
Further, it was observed that 20 ~g 6f hormone per ml markedly 
inhibits the viability of ~ aureus at all temperatures and it was difficult 
to observe the different effect with various conditions. 
d. Effect of pH on the Bactericidal Action of Diethylstilbestrol. 
The effect of hydrogen ion concentration on the antibacterial 
activity of diethylstilbestrol was studied. The results of these studies 
are shown in Fig. 6. It can be seen that decrease in the pH of the medium 
caused a significant increase in bactericidal activity. At pH 6.0 approxi-
mately 97% inhibition was observed while at pH 8.0 only 25% inhibition was 
observed. These results are in variance to those reported of Durham and 
Perry (195<!J). They reported that change in pH did not alter the antibacterial 
activity of diethylstilbestrol. There was insignificant difference in bac-
tericidal activity of diethylstilbestrol at a concentration of 20 ~g/ml. 
13. Mechanism of Action of Diethylstilbestrol on S. aureus. 
a. Effect of Diethylstilbestrol on Respiration of S. aureus. 
The effect of diethylstilbestrol on grmvth might be due to its 
interference with the entry of certain sugars into the cell rather than to 
an inhibition of some subsequent step in sugar metabolism. As a first 
Figure 6 
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approach, the effect of diethylstilbestrol on the general metabolic processes 
was determined manometrically. If diethylstilbestrol exerts its effect by 
interfering with some phase or respiratory metabolism then the. endogenous 
respiration would be affected, as well as the respiration of an external 
substrate. On the other hand, if diethylstilbestrol interferes with the 
entrr of sugar and other substrates into the cell, diethylstilbestrol should. 
; 
inhibit respiration of the substrate and have little effect on endogenous 
respiration. 
(i) Effect of diethylstilbestrol on endogenous respiration. 
Table 8 shows the effect of diethylstilbestrol on the endo-
genous respiration of S. aureus. It can be seen that diethylstilbestrol has 
marked inhibitory effect on endogenous respiration. Thus, the hormone might 
exert its action by interfering with the internal respiratory metabolism of 
2..:. aureus. 
(ii) Effect of diethylstilbestrol on the oxidation of nutrient broth. 
With the knowledge that diethylstilbestrol interfered with 
the endogenous respiration of 2..:. aureus, a number of compounds were studied 
to determine whether stilbestrol influenced the oxidation of the randomly 
selected substrates. The results i~dicated that diethylstilbestrol inhibited 
the oxidation of brain heart infusion broth and tryptic soy broth as shown 
in Tables 9 and 10 respectively. The mean values of all experiments are 
shown in Figs. 7 and 8 respectively. Marked inhibition of oxidation was 
obtained. The percentage of inhibition was directly proportional to the 
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~ 
:L'ABLE 8 
(a) 
EFFECT OF DS ON ENDOGENOUS RESPIRATION 
, 
DS OXYGEN CONSUI'1ED IN l1CL AT 
CONCENTRATION :VARIOUS TIHE {rUN. ~ 
HCGLHL 0 60 120 180 240 
0 1 0 24 40 52 63 
2 0 21 37 50 59 
3 0 26 42 56 62 
, 
101 0 24.0 
.22. 6 52.6 61.J , .... 
10 1 0 18 36 46 53 
2 0 15 35 48 54 
3 0 17 32 45 50 
M 0 16.6 34.3, _ 46.) ,52·.) , , ... 
-
15 1 0 13 19 31 46 
2 0 12 17 28 46 
3 0 13 22 30 50 
}Ii 0 12 .• 6 . ,19.; 29.) . 47.3 .. 
20 1 0 8 14 20 35 
2 0 7 13 20 34 
. 
3 0 9 14 19 38 
1'1 0 ~8 1}.6, . ,19.6 .3.5.6 . . 
(a) The flask contents vrere: 
1.0 ml of cell suspension containing 1.0 mg dry wt. in 
buffer pH 7.0 
1.0 ml of phosphate buffer pH 7.0 
0.2 ml of 20,~;& KOH 
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, ~ABLE 2 (a) 
EFFECT OF DS ON THE, OXIDATION. OF BRI BROTH 
, . 
NIDlBERS OF OXYGEN CONSUHED IN NCL PER HR. 
EXPERIHENTS AT VARIOUS DS CO~~CEN1RATION (lt1CG!ML) 
0 1 S 10 20 . 
. . 
1- 192 170 124 90 35 
2. 18l 164 118 81 29 
3. 185 165 121 86 30 
4. 201 178 125 92 38 
5. 189 168 122 98 35 
6. 195 172 125 93 36 
NEAl~ 190.5 169.5 122.5 88.3 33. $ 
% INHIBITION 00.0 11.03 35.7 53.6 82.2 
(a) 'l'he flask contents w'ere: 
1.0 ml cell suspension containing S. Aureus (0.4 mg dry wt. 
in phosphate buffer. 
0.5 m1 BRI broth. 
0.5 m1 phosphate buffer. 
0.2 ml 20% KOH. 
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:rj\BLE t9 
(a) 
EFFE,cT OF DS ON THE OXlPATION OF rrRYPTIC SOY BROTH 
NUNBERS OF OXYGEN CONSUHED IN NCL PER FIR.. AT 
EX PER HlENTS VARIOUS DS CO~'l'CENTB.ATI ON (HCG!IvIL} 
0 1 5 .. 10 
1. 132 114 99 53 
2. 136 115 101 56 
3. 139 114 100 57 
4. 130 112 97 50 
5: 135 11'1 102 55 
6. 128 112 95 49 
I1EAN 133.3 114 99 53.3 
% INHIBI'1'ION 00.0 14.5 25.7 60.0 
(a) For experimental condition, see legend. (a) Table 8, 
T. S. broth is used. as a substrate. 
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EFFECT Q!. DS ON OXIDATION OF BRAIN HEART INFUS ION BROTH 
o 15 
* BY STAPHYLOCOCCUS AUREUS 
-
I 
30 
TIME IN MINS • 
I 
45 
o J..1g/ml 
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* For experimental condition, see legend of Table 8. 
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* For experimental condition, see legend of Table 9. 
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Control 
1 IJ.g/ml 
5 IJ.g/mi 
10 IJ.g/ml 
20 IJ.g/ml 
Endogenous 
60 
j 
concentration of diethylstilbestrol and ranged between 70 to 80% with 20 ~g 
of hormone per ml after one hour of incubation. 
Attempts were made to detect inhibition in the rate of oxida-
tion of chemically defined substrates by staphylococci in the presence of 
diethylstilbestrol. To this end, pyruvate was chosen as substrate, and the 
oxidation of this compound by staphylococci was determined in the presence 
and absence of diethylstilbestrol. There was an increasing reduction in 
oxygen consumption of S. aureus, ranging from 28 to 65%, when resting cell 
suspensions were allowed to oxidize pyruvate in the presence of varying 
hormone concentrations ranging from 5 to 20 ~g/ml (Table 11). These results 
suggest that hormone may interfere with· the entrance of pyruvate into, the 
cell or may interfere with the metabolism of pyruvate. 
(iii) Effect of diethylstilbestrol on oxidation of plasma and serum. 
The antirespiratory activity of diethylstilbestrol on oxidation 
of serum and plasma by staphylococci was measured. The oxygen uptake in air 
. with serum and plasma as substrates with various concentrations of diethyl-
stilbestrol was determined; the mean values obtained from these experiments 
are presented in Table 12. The variation of individual values, determined 
five times, was 10 to 20% of the mean. Diethylstilbestrol inhibited the 
oxidation of serum &ld plasma. Inhibition of oxidation of serum was compar-
atively more pronounced than that of plasma. 
b. Effect of Diethylstilbestrol on Dehydrogenase Activity of Staphylo-
cocci. 
The effect of diethylstilbestrol on dehydrogenase activity of 
44 . 
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TABIJ<'; 11 
(a) 
EFFECT PF.DS . ON THE OXIDATION OF PYRUVATE 
NUNBER OF OXYGEN CONSm/lED IN JlICL PER HR. AT 
EX PER HIENTS Yf\BIOUS DS CONCENTRATION (NCGLHL) 
0 1 5 10 
1. 40 39 31 23 
2~ 42 43 32 2.5 
3. 39 40 ·29 21 
4. 43 41 33 26 
5. 41 l~2 31 24 
6. 38 41 29 2.5 
HEAN .;. .- 40.3:' 1,1.1.0 30.8 24.0 
% INHIBITION 00.0 00.0 24.0 40.8 
(a) For experi~ental condition see legend. (a) t Table 8. 
-3 
Sodium pyruvate at a concentration of 2 x 10 1\1 used 8.S 
a substrate. 
.~ 
45. 
20 
. 
14 
1.5 
15 
16 
14 
13 
14 • .5 
64.2 
.-------_ ... _--_ .... -,.,. .. _--------------------.... _.;......., 
TABLE 12 
(a) 
EFFECT OF DS ON THE OXIDATION OF PLASHA A1ID SERUN 
OXYGEN CONSUl,lED IN NCL PER BR. AT 
SUBSTRATE VARIOUS DS CONCENTRATION (MCG!ML) 
o 1 5 10 20 
PL.4S11A 1. 115 116 118 106 70 
SERUM 
2~ 118 118 115 103 71 
3. 110 112 111 99 68 
4. 119 114 113 102 72 
5. 121 119 120 106 73 
rmAN 116.6 115.8 115.4 103.2 70.8 
% Inhibition .00.0 00.0 00.0 11.5 39.3 
1. 14~ 
2-. 144 
3. . 136 
4~ 148 
5~ 143 
MEAN 142.6 
% Inhibition 00.0 
141 
140 
139 
147 
142 
141.8 
00.0 
; 
137 
135 
132 
140 
133 
135.4 
5.1 
128 
125 
124 
126 
127 
126.0 
11.7 
62 
63 
60 
58 
64 
61.4 
57.0· 
Ca) For experimental condition, see legend. (a) Table 8. 
Fema.ie rabbit's serum and plasma are used as substrates. 
40 
various substrates is shown in Table 13. Results are recorded in time re-
quired for 90% decolorization of methylene blue. The dehydrogenase activity 
of staphylococci was inhibited by diethylstilbestrol. Glucose and succinic 
acids were used as substrates and both were markedly inhibited by diethyl-
stilbestrol and the inhibition was proportional to hormone concentration. 
Furth~r experiments were conducted to determine if pre-exposure of 
the cells to stilbestrol influenced the inhibition of dehydrogenase activity. 
Duplicate sets of thunberg tubes were prepared in which one set of tubes 
contained glucose and staphylococcal suspensions with varying concentrations 
of diethylstilbestrol; the other set of tubes served as controls containing 
substrates and cell suspension with the hormone vehicle. The cells were 
maintained on the side arm of the thunberg tube and exposed to diethylstil-
bestrol or the hormone vehicle for OJ lJ an4 2 hr. Following this treatment 
the cells were tipped into the lower portion of the thunberg containing the 
substrate and the reaction was thus titrated. Results obtained with glucose 
. are shown in Table 14. The results obtained with succinate as substrates 
were similar to glucose. These date indicated that the degree of inhibition 
was proportional to the time of exposure to diethylstilbestrol. 
c. Effect of Diethylstilbestrol on Cytoplasmic Membrane. 
It was of interest to determine whether diethylstilbestrol caused 
any change in permeability which could be detected by leakage of 260 ~J 
absorbing material (nucleotides J nucleic acids) and protein from staphylo-
cocci. 
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TABLE 13 
(a) 
EFFECT OF DIETHYSTILBESTROL ON DEHYDROGENASES 
TIftm IN MIN. FOR 90% REDUCTION OF METHYLENE 
SUBSTRATE BLUE AT VARIOUS DS CONCENTRATION (r.1CG It·lLl 
0 1 '5 10 20 
GLUCOSE 1. 2~8,5 3.82 4.63 7.52 10.5( 
! 
! 2. 2.25 3~41 4.31 7.15 10.~j ! 
3; 2~48 3.64 4.62 7.36 10.,5~ 
4; 2~32 3.71 4.,50 7 .1~2 10.4:i 
MEAN 2.47 3.64 4.,51 7.36 10.4:; 
SUCCINIC 1. 28;74 31.26 42.81 54.43 78.5~ 
ACID 2. 28;61 31.23 42.63 54.51 78.4" 
3. 27.92 30~4,5 42.12 54~0,5 78.3: 
4; 28;34 31.33 42.,59 54.61 78.6~ 
I-lEAN 28.40 31.06 1~2.53 54.40 78.4E 
(a) The contents of the tubes were: 
1.'0 ml cell suspension containing S. Aureus (0.,5 mg dry wt. 
in phosphate buffer~ 
1~0 mJ. methylene blue (0.000267 H) 
2~0 ml substrate (0.02I~I) 
2.0 ml phosphate buffer 
, 
4S. i -------------------~~----------------------------____ _J 
TABLE 14 
EFFECT OF PRE-EXPOSURE OF STAPHYLOCOCCI 
(a) 
TO DIETHYIBTILBESTBOL ON DEHYDROGENASE ACTIVITY 
PR.E-EXPOS URE TINE (HIN.) REQUIRED FOR 90% REDUCTION OF 
TINE IN HOURS ~ffiTHYLE}m BLUE AT VARIOUS CONCENTRATION 
OF DIETHYLSTILBESTROL (lIfCG/HL) 
0 1 
.2 20 20 
1 2.85 3.82 4.65 7.52 10.50 
2 2~48 3.71 4.62 7.42 10.52 
0 3 2.82 3.76 4.50 7.36 10.41 
Iv! 2.22 J·2Z 4·52 2.4:2 10.48 
1~ 2~98 4.12 5.32 10.88 13.21 
2 2.84 4.30 5.43 10.92 13.32 
1. 3 2.91 4.21 5.38 10.93 13.27 
M 2.91 4.20 5.37 10~90 13.27 
1 2.96 4.89 7.23 13.77 18.50 
2 2.88 4.92 7.12 13.81 18.31 
2 3 2.92 4.93 7.09 13.82 18.52 
N 2.92 4.92 7.15 13.78 . 18.43 
(a) For experimental condition, see legend. (a) Table 12. 
Glucose acts as a substrate. 
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Diethylstilbestrol induced the leakage of protein at a concentration 
similar to that required for lethal activity (Fig 9). A concentration of 
20 jJ.g/m1 diethylstilbestrol resulted in a fairly rapid loss of protein and 
260 IDIJ. absorbing material. 
d. Leakage of Labeled Material from Staphylococci. 
To determine whether diethylstilbestrol had a similar effect under 
normal growing conditions, cultures of staphylococci were heavily labeled 
with uniformly labeled 14C glucose and various concentrations of diethy1-
stilbestrol were added. The release of radioactive materials into the medium 
is shown in Fig. 10. It can bj:/ff"~" that diethylstilbestrol at a concentra-
~:~;jj~:Z~';~ . 
tion of 20 jJ.g/m1 caused leakage of 25% of the cellular radioactivity." There 
was no significant leakage at bacteriostatic concentrations of diethy1sti1-
bestro1. 
e. Effect of Diethylstilbestrol on Uptake of Glucose by Staphylococci. 
Fig. 11 illustrates the uptake of uniformly l4C labeled glucose 
by staphylococci in the presence of various concentrations of diethy1stil-
bestro1. The procedure used for these experiments has been described in 
Material and Methods. Glucose is taken up at a rapid rate and no significant 
amount of radioactivity was found in the supernatant after 4 hr of incuba-
tion. Diethylstilbestrol markedly decreased the rate of uptake of glucose. 
50. 
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Figure 10 
LEAKAGE OF 14C LABELED MATERIALS FROM STAPHYLOCOCCUS AUREUS BY DS 
--- --
10.0 
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Figure 11 
EFFECT .QE:. DS ON THE UPTAKE OF (UNIFORMLY) 14C LABELED 
GLUCOSE BY ~ AUREUS 
48 
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Chapter V. 
RESULTS OF IN VIVO STUDIES 
1. Effect of Diethylstilbestrol on Gross Lesion Formation. 
The use of the term lesions here is confined to the circumscribed path-
ologic change in the tissue and it includes the area of the skin which appears 
swollen, red and necrotic. Since cortisone is known to suppress the inflamma-
tory reaction (Dougherty, 1953) and no studies implicating diethylstilbestrol 
have been reported, an attempt was made to assay the anti-inflammatory action 
of diethylstilbestrol in adult female rabbits. This was accomplished by 
measuring the size of skin lesions resulting from injection of staphylococci 
in control and in diethylstilbestrol treated rabbits. This area reached a 
maximum in 12 to 48 hr and discharged pus i~ 24 to 72 hr. Table 15 shows 
that prior treatment of adult rabbits with diethylstilbestrol resulted in 
marked reduction in the size of lesion formation. The protective effect of 
. diethylstilbestrol on the development of staphylococcal lesions was related 
to the dose used for challenge. 
2. Bacteriostatic Activity in Serum. 
To test the inhibitory activity of diethylstilbestrol in rabbits, various 
concentrations were administered subcutaneously and blood was drawn 5 min 
after the injection of diethylstilbestrol. Serum was separated and inoculated 
with various strains of staphylococci. The inoculated serum was incubated 
at 37 C. After 8 to 10 hr the growth was assayed turbidimetrically and by 
54. 
TABLE 15. 
THE LESION SUPPRESSIVE ACTION OF DS IN RABBITS 
~mAN AREA OF SKIN LESION (SQ. IN.) WITH 
GROUP YARYING INOCULUH (I1G!HL DRY \-IT.) 
0.30 0.)5 .0.45 0.50 
CONTROL N 0.68 0.74 0.12 0.78 
p 0.18 0.24 1.15 1.05 
E 3.2 5.10 1.64 4.39 
DS N 0.00 0.11 0.09 0.25 
25/r.rCA/rIIL P 0.16 0.14 0.11 0.09 
E 1.68 2.4 0.81 0.81 
N = NECROSIS P = PUS FORl'lATION E = ERYTHEHA 
Female adult rabbits received SC 25 UG!r-IL DS and challenged id 
5-10 min. later with varying inoculum of S. Aureus XIII. 
s.c; • 
plate count. The effect of diethylstilbestrol on the antistaphylococcal 
activity of sertml is presented in Table 16. Controls were run simultaneously. 
All samples were tested in duplicate and the numbers recorded are means of 
five separate experiments. Inhibition of growth was noted in all serotypes 
tested. It is seen that higher concentration of diethylstilbestrol may pre-
cipitate in serum and thus higher absorbance may be obtained) but the viable 
count of the tubes showed the inhibitory effect. 
The next step was to study the effect of diethylstilbestrol on the growth 
of staphylococci in sertml. The procedure has been described previously in 
Material and Methods. The results are given in Fig. 12. There was definite 
bacteriostatic effect of diethylstilbestrol on the growth of s. aureus in 
serum. At each interval after inoculation) serum from hormone treated animals 
was far less capable of sustaining bacterial growth than that of controls. 
3. Effect of Diethylstilbestrol on Virulence of Staphylococci. 
To study the effect of diethylstilbestrol on virulence of staphylococci 
cell suspension was treated with diethylstilbestrol and injected intradermally 
on rabbits. The skin lesions were measured after 24 to 48 hr. The results 
(Table 17A) show a marked difference in skin lesion production between the 
treated and untreated cells of S. aureus. Further experimentation to inves-
tigate the apparent inhibition of viability of S. aureus at 0 hr and I hr 
after infection into rabbits was undertaken and the results are reported in 
Table 17B. It can be seen th?t diethylstilbestrol at a concentration of 
S6. 
TABLE 16 
EFFECT OF DS ON THE GROWTH OF S. AUHEUS IN RABBIT SERUM 
STP.Ph"YLOCOCCUS C.F. U. OR ABSORBANCE AT 7 HR. 'VlITH VARIOUS DS, CONCENTRATION (MCGLML) 
AUREUS o 5 _ _ __~ ___ ~15 __ 20 
Absorb- Apsorb- Absorb- Absorb-
SEROTYPES ance C.F.U; ance C.F.U. ance C.P.U. ance C.P.U. 
a S" 7 7 
Serotype I 0.43 3.5xl0 0.42 2'.8xl0 0.12 5.5xl0 0.26 1.2xlO 
7 8 6 6 
ft~rotype II 0.38 9.8xl0 0.38 1.2xl0 0.07 9.6xl0 0.21 3.1xlO 
8 8 7 . 6 
serotype III 0.40 2.0xlO 0.39 1.9x10 -0.11 4.3xl0 0.25 9.2xl0 
8 . 8 7 7 
Serotype IV 0.47 4.0xl0 0.47 4.1xl0 0.14 9.4x10 0.29 2.1xl0 
87 6 
::'~rotype V 0.39 1. 3x 10 0.36 1.1xlO 0.06 2.4xl0 0.20 5. 9x10 
8 877 
Serotype IX 0.42 2.5xlO 0.43 3.2x10 0.12 7.7xlO 0.25 1.8xlO 
787 6 
Serotype X 0.36 8.3xlO 0.348.1x10 .0.05 1.0xlO 0.17 9.6xl0 
8 8 7 6 
Serotype XI 0~42 2.9xl0 0.42 3.2x10 0.07 4.5xl0 0.12 4.5x:10 
8 77 
Serotype XII 0.49 4.8xl0 0.43 4.1xl0 0.07 2.0xl0 0.22 2.5xl0 
8  7 
Sl3rotype XIII 0~54 5~3xl0 0.50 5.0xlO 0.15 1.2xl0 0.29 1.6x10 
IJ1 
-...J 
Figure 12 
EFFECT OF" DS ON THE GROWTH Q!:. ~ AUREUS IN RABBIT SERUM 
Control 
0.4 
r:::I 0.3 
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TABLE 17 
A) EFFECT OF pS ON VIRULENCE OF S. AUREUS 
AREA OF SKIN LESION (SQ.IN.) 
GROUP 
CONTROL 
DS 
NECROSIS 
PUS 
ERYTHENA 
20 triCG/ML NECROSIS 
PUS 
ERYTHEMA 
WITH THE INOCULUJ>i OF 0.5 
(DRY WT.) 
1 
0.94 
1.82 
5.10 
1~·91 
2 
1.05 
2.10 
4.39 
0~45 
0.63 
2.12 
:3 
0.98 
1.92 
4.48 
0.38 
0.35 
1.83 
NG/ML 
MEAN 
B) EF~C~ 9? DS ON VIABILITY OF S. AUREUS 
CONCENTRATION OF 
DfJ MCG/I1L 
o 1 
2 
MF .•AN 
20 1 
2 
HEAN 
59. 
VIABLE COUNT AT: 
o HR. 
8 
4.0xl0 
8 
4.3x10 
8 
J.9xl0 
8~ 
4.1xl0 
e 
3.8x10 
8 
3.6xl0 
8 
3.9xl0 
6 
;.8xl0 
1 lffi. 
8 
4.5xl0 
8 
4.1xl0 
. 8 
4:1xl0 
8 
4.2xl0 
S 
l.9xl0 
8 
4.1xl0 
8 
3.7xl0 
8 
3,9xl0 
20 ~g/ml did not affect the viability of staphylococci at the concentration 
used in the experiment but does affect the skin lesion production. Therefore 
the virulence of S. aureus is reduced in the presence of diethylstilbestrol. 
Another method to determine the effect of hormone on virulence has been 
described in Material and Methods. The results {Table 18) showed that there 
was marked reduction in the area of skin lesion. Diethylstilbestrol at a 
concentration of 4 ~g/ml inhibited the synthesis of virulence factors of 
S. aureus. On increasing the challenge dose there was a decrease in the 
inhibition. The inhibition ranged from 84 to 100% with 0.50 mg dry wt of 
staphylococci as a challenge dose and from 60 to 71% with 0.80 mg dry wt of 
challenge dose. 
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:rABLE 18 
LESION PRODUCTION BY S. AUREUS GROWN PREVIOUSLY 
ON BRI AGAR WITH DS 
CULTURE 
I.ffiD I UN 
BRI AGAR PLUS 
BORNONE 
VEHICIE 
BRI AG.lffi PLUS 
4 MCG/HL DS 
IvlEAN AREA OF SKIN LESION (SQ. IN. ) 
!T,ITH VARYING ,INOCULUN 
o. 50 IvIG 0.80 NG 
PUS Erythema Swelling PUS Erythema pw~llinE 
0.05 4.21 
0.0 0.02 1.25 
Female, adult rabbits were injected i.d on one side with 
varying inoculum of S. Aureus XIII which had been grown on 
BRI agar slant containing 4 NCG/NL DS. e.nd on the other side 
l'lith a similar inoculum of S. Aureus \-thich had been gro .... m on 
BRI slants containing the hormone vehicle alone~ 
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Chapter VI. 
DISCUSSION AND CONCLUSION 
In spite of the extensive literature pertaining to the anabolic prop-
erties of dieth~lstilbestrol on mammalian cells (2,6,46) little is known 
regarding its effect on various groups of microorganisms. The data presented 
in this thesis indicate that diethylstilbestrol in. concentrations usually 
employed by physicians for the treatment of endocrine disorders arid under 
appropriate cond;i.tions, had an inhibitory effect on the growth of staphylo-
cocci and all other gram positive organisms included in this study. This 
suggests that staphylococci might be used as an indicator for assayi~g the 
antimicrobial properties of this compound. 
The lack of bactericidal action of diethylstilbestrol on gram-negative 
organisms is in striking contrast 'to the growth inhibitory action produced 
by diethylstilbestrol on gram-positive bacteria.' A possible explanation of 
the resistance of gram-negative organisms may involve the cell wall of gram-
negative organisms which differ chemically from the cell wall of gram-positive 
organisms (39). The inability of gram-negative organisms to bind diethyl-
stilbestrol or their ability to rapidly transform this hormone to an inactive 
intermediate might be further explanation of insensitivity of gram-negative 
organisms. 
The antibacterial activity of diethylstilbestrol may. be due to the 
hydrophobic or hydrophilic group on the compound. Presence of such groups 
characteristic of surface active compounds. The relative activity of 
62. 
diethylstilbestrol was consistent with what is known about the antibacterial 
activity of various. types of surface active agents. Compounds containing 
cationic groups are usually more active than nonionic detergents. 
Our studies support the theory that antibacterial activity of diethyl-
stilbestrol is due to membrane damage, the typical effect of detergents 
(Gal,e, 1963) •. It has been reported by Varricchio et al. (1967) that all ! . 
synthetic azasteroids and diethylstilbestrol possessed surface activity and' 
might bind to the bacterial cell. Binding of other surface active agents 
has been reported by Hotchkiss (1946). 
Diethylstilbestrol was lethal to staphylococci under all conditions 
tested, with growing and non-growing cells and at all different temperatures. 
Furthermore, effects were seen on cytoplasmic membranes causing loss of 
cellular constituents of S. aureus into the medium. The results are in 
accord with recent experiments of Smith and Shay (1965). They found that 
all.tibacterial synthetic steroids caused lysis of ~ lute a protopl"asts, which 
. demonstrated that the compound could act directly on the bacterial membrane. 
Because ·S. lutea cells were not changed morphologically, they suggested that 
loss of cell viability might be due to membrane damage followed by loss of 
cytoplasmic constituents. 
The overall effectiveness of the diethylstilbestrol may well be the 
result of several parameters which cause various effects detrimental to 
bacterial cells. The results indicate that the inhibition of bacterial 
growth may not be due entirely to leakage of cellular components .. The fact 
63. 
that leakage does occur demonstrates that diethylstilbestrol can affect the 
bacterial membrane. The inhibition of other membrane associated processes 
such as permease system and oxidative phosphorylation, may contribute' to the 
growth inhibition and loss of viability ~ 
The inhibitory effect may be due to diethylstilbestrol itself or due 
to its transformed product which is formed during incubation of hormone and 
cell suspensions. Judging from the lack of activity of many closely related 
steroids, it appears that minor modi'fication of diethylstilbestrol would 
diminish its inhibitory activity (3,15,16,17). If a transformed product of 
diethylstilbestrol is formed early in the cell growth, then it is as active 
as the parent compound, according to the studies on growth and respiration. 
But, the growth studies suggest that metabolism of diethylstilbestrol even-
tually relieves the cell from its inhibitory action. The data implicate a 
marked interference of diethylstilbestrol with the entry of glucose into the 
cell and with its subsequent metabolism. 
Further, if a transformation is required in order to overcome inhibition 
at low concentration, then hormone added in log phase of growth should in-
hibit immediately. This did not occur. Significant effect was observed upon 
addition of the hormone after initiation of growth. 
The experiments concerning bacterial selectivity exclude two possi-
bilities of interaction of diethylstilbestrol and staphylococci. A mutation 
to. hormonal resistance to produce a clone of cells unaffected by diethyl-
stilbestrol has not occurred. Also no metabolic induction of enzymes to 
. counter-act hormone inhibition is evident. 
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Various dehydrogenase systems were inhibited by diethylstilbestrol and 
Hochster and Quaste1 (1951) attributed this to its role, in the form of 
quinine, as a competitive hydrogen carrier. Change in pH of the medium may 
disturb the equilibrium of quino1e-quinone forms of diethylstilbestrol and 
cause a change in the percentage of inhibition. 
; Yielding ·and Tomkins et al. (30,47,52,53,54) noted that in the presence 
of low concentrations of reduced pyridi~e nucleotides, synthetic and natural 
estrogens caused the disaggregation of crystalline glutamate dehydrogenase 
into subunits. Disaggregation of protein was accompanied by inhibition of 
of glutamate dehydrogenase activity and stimulation of alanine dehydrogenase 
activity. Diethylstilbestrol inhibits pyruvate kinase and aldehyde dehydro-
genase (35,27) by an allosteric interaction causing alteration of structure, 
but no disaggregation of apoenzyme. 
It has been suggested by Hunter (1951) that the uncoupling of oxidative 
phosphorylation may be due to the breakdown of ATP and ATPase, the activity 
. of which was enhanced by DNP. Diethylstilbestrol on the other hand inhibited 
the ATPase activity of myosin. Salmony (1956) suggested that the inhibition 
was non-competitive as it was independent of substrate concentration, and 
inhibition was due to the interaction of diethylstilbestrol with the sulf-
hydryl group of the enzyme. Furthermore, it was reported by Klemperer (1955) 
that certain thyroid hormones also uncouple phosphorylation in mitochondrial 
preparations. Diethylstilbestrol acted as a competitive inhibitor of glucose-
6-phosphate and as noncompetitive inhibitors of NADP in the microbial system 
(10). Therefore, the mechanism of dehydrogenase activity might be explained 
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by one of the following possibilities: (1) it may bind with a second site 
on the enzyme produ~ing an allosteric type interaction; (2) random substrate 
binding to the enzyme; or (3) an ordered equence of one substrate with another 
substrate. 
The results obtained using washed cells indicate that diethylstilbestrol 
inhibits oxidation of different substrates, including pyruvate, by staphylo-
cocci. Further, our results also indicate that the hormone inhibited the 
endogenous respiration of staphylococci. Further work is in progress to 
study the effect of diethylstilbestrol on the cytochrome system of staphylo-
cocci. 
The degree of inhibition may be correlated with the concentration of 
diethylstilbestrol, pre-exposure of the cells to diethylstilbestrol, Eh and 
pH of the system. These variables probablY,exert their effect by allowing 
more hormone to reach the sensitive reactive site(s). 
An attempt was made to investigate the effect of diethylstilbestrol on 
the synthesis or production of virulent factors of staphylococci. Staphylo-
cocci grown in BHI agar slants containing subinhibitory concentration of 
. 
hormone show a marked decrease in virulence. This might be due to the inter-
ference of membrane permeability of staphylococci. The data implicate that 
the uptake of glucose was inhibited by diethylstilbestrol. 
The minimum concentration of hormone in the in vitro experiments required 
to inhibit ~ aureus was 5 to 6 ~g/ml. In rabbit studies, injected hormone 
is immediately diluted at least lOO-fold by the total volume of blood and 
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body fluids. Thus, a much lower concentration inhibits the growth of organ-
isms in rabbit serum. Some interesting results were obtained in vivo studies. 
An increase in concentration of serum protein in vitro caused a reduction in 
the inhibitory effect of hormone. This might be due to the binding of hormone 
with certain substances of serum. Similar effects of serum proteins were 
observed in manometric studies. Thus, excess protein in plasma causes a 
decrease in the inhibitory activity of diethylstilbestrol. It appears as if 
the hormone is acting synergistically with other serum constituents in vivo 
studies. 
Diethylstilbestrol suppressed the formation of skin lesions and this 
may be due to a direct effect of hormone on organisms or indirect effect 
on the laboratory animal or on both. In vitro sutides indicate an anti-
microbial action directly on the staphylococci. The hormone may indirectly 
stimulate or inhibit certain enzyme systems in rabbit which then produce or 
stimulate certain substances against dermal necrotic lesions. 
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Chapter VII. 
SUMMARY 
Diethylstilbestrol has been examined in vivo and in vitro for antibac-
terial activity against 29 microorganisms. Antibacterial action was shown 
only against gram-positive microorganisms. Aerobically 5 to 7 ~g of hormone 
per ml were required to produce complete inhibition of growth, while anaero-
bically half as m~ch hormone was needed to achieve the same effect. Signi-
ficant bactericidal activity with 1-20 ~g per ml of hormone on resting, 
washed standardized cell suspensions of staphylococci was obtained; the 
extent of killing on hormone concentration, time of exposure, temperature, 
pH, Eh and the presence of serum protein. Significant reduction in oxidation 
of various substrates by resting staphyloco~cal cells was obtained in the 
presence of diethylstilbestrol. The mode of action may be similar to that 
of surface acti~e agents which inhibit either production of energy, its 
coupling to endergenic reactions of cell metabolism, the cytoplasmic membrane 
or the uptake of nutrients. 
In vivo studies indicated that a single cutaneous injection of 15 ~g 
diethylstilbestrol into rabbits was sufficient to suppress the growth of 
staphylococci in the sera of these animals. Staphylococcal skin lesions were 
significantly retarded by diethylstilbestrol in the treated rabbit as compared 
to control rabbits. Growth of staphylococci in BHI agar .containing subinhi-
bitory doses of diethylstilbestrol and subsequent injection into adult rabbits 
suppressed .the virulence of staphylococci for these animals. 
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